Overproduction of Fatty Acid Ethyl Esters by the Oleaginous Yeast Yarrowia lipolytica through Metabolic Engineering and Process Optimization.
Recent advances in the production of biofuels by microbes have attracted attention due to increasingly limited fossil fuels. Biodiesels, especially fatty acid ethyl esters (FAEEs), are considered a potentially fully sustainable fuel in the near future due to similarities with petrodiesels and compatibility with existing infrastructure. However, biosynthesis of FAEEs is limited by the supply of precursor lipids and acetyl-CoA. In the present study, we explored the production potential of an engineered biosynthetic pathway coupled to the addition of ethanol in the oleaginous yeast Yarrowia lipolytica. This type of yeast is able to supply a greater amount of precursor lipids than species typically used. To construct the FAEEs synthesis pathway, WS genes that encode wax ester synthases (WSs) from different species were codon-optimized and heterologously expressed in Y. lipolytica. The most productive engineered strain was found to express a WS gene from Marinobacter hydrocarbonoclasticus strain DSM 8798. To stepwisely increase FAEEs production, we optimized the promoter of WS overexpression, eliminated β-oxidation by deleting the PEX10 gene in our engineered strains, and redirected metabolic flux toward acetyl-CoA. The new engineered strain, coupled with an optimized ethanol concentration, led to an approximate 5.5-fold increase in extracellular FAEEs levels compared to the wild-type strain and a maximum FAEEs titer of 1.18 g/L in shake flask cultures. In summary, the present study demonstrated that an engineered Y. lipolytica strain possessed a high capacity for FAEEs production and may serve as a platform for more efficient biodiesel production in the future.